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WIRELESS COMMUNICATION METHOD
AND WIRELESS COMMUNICATION
SYSTEM REQUIRING
ACKNOWLEDGEMENT FRAME FROM
RECEIVING SIDE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-063400 filed in Japan on Mar. 21, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication
method and a wireless communication system that perform a
multicast transfer in a wireless communication network that
communicates through the time division multiple access
(TDMA) scheme.

2. Description of the Related Art

Lately, many of wired networks have been replaced by
wireless networks, indicating a more and more increasing
need expected for wireless communication techniques in the
future. The rapidly improved wireless communication speed
has enabled wireless communication of data involving a large
volume and a real-time requirement, such as moving image
and voice data. Increasingly common situations are therefore
building home-based wireless networks that connect elec-
tronic devices at home over wireless networks and commu-
nicating wirelessly with a plurality of notebook personal
computers (PCs) and projectors at corporate conference
rooms.

In wireless communication networks including a plurality
of wireless communication devices, a receiving station, on
normally receiving a data frame, typically transmits an
acknowledgment (ACK) frame to a transmitting station. Hav-
ing received the ACK frame, the transmitting station deter-
mines that the data frame has been normally transmitted, thus
completing transmission of the data frame. If not receiving
the ACK frame within a predetermined period of time, the
transmitting station determines that the data frame has not
been transmitted normally and retransmits the data frame to
receive the ACK frame, or repeats retransmission until a
prescribed number of retransmissions is reached. This tech-
nique is called an automatic repeat request (ARQ) and
improves reliability of wireless communication. Another
technique is to repeat the retransmission until a lifetime
period of the data frame expires.

In commonly established wireless communication stan-
dards, however, the ARQ technique is used only in unicast
communication that involves only one transmitting station
and one receiving station. The ARQ technique is not applied
to multicast communication involving a plurality of receiving
stations. The multicast communication is expected to be
employed in a case in which a handout is to be transmitted
simultaneously to a plurality of notebook PCs in a conference
room or a case in which a presentation file is to be transmitted
simultaneously from a notebook PC to a plurality of projec-
tors, for example. The transmitting station is, however, unable
to determine whether all of the receiving stations have
received data normally.

Various techniques have been developed to solve the fore-
going problem. Specifically, Japanese Patent No. 4152880,
for example, discloses a method in which, in order to enhance
reliability in multicast transfer, a multicast frame is transmit-
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2

ted after a bandwidth is acquired through transmission of a
request-to-send (RTS) frame, a list of IDs of devices that
transmit an ACK frame is set in the multicast frame, and
wireless communication devices set in the list transmit the
ACK frame.

Japanese Patent Application Laid-open No. 2008-17306
discloses another wireless communication method in which,
in order to enhance reliability in multicast transfer, an ACK
frame transmission time for a multicast frame is previously
established and, when the specified time arrives, a wireless
communication device that has received the multicast frame
transmits ACK frames for all multicast frames received at
once.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

Inconsideration of the conventional technology mentioned
above, there is needed to enhance reliability in multicast
transfer without allowing throughput to be reduced in a wire-
less communication network including a plurality of wireless
communication devices.

According to the present invention, there is provided: a
wireless communication method with which a wireless com-
munication device on a transmitting side transmits a multicast
frame to a plurality of wireless communication devices on a
receiving side in a wireless communication network includ-
ing a plurality of wireless communication devices.

In the wireless communication method mentioned above,
the wireless communication method comprises: a beacon
frame transmitting step of transmitting a beacon frame by
each of the wireless communication devices in sequence; a
multicast frame transmitting step of transmitting the multi-
cast frame by the wireless communication device on the
transmitting side; and an acknowledgment frame transmitting
step of transmitting an acknowledgment frame by a wireless
communication device on the receiving side that receives the
multicast frame in order of transmitting the beacon frame,
wherein at the beacon frame transmitting step, the wireless
communication device on the transmitting side requests,
using the beacon frame, the wireless communication devices
on the receiving side to transmit the acknowledgment frame.

The present invention also provides a wireless communi-
cation system comprising: a plurality of wireless communi-
cation devices, the wireless communication devices includ-
ing a wireless communication device on a transmitting side
and a plurality of wireless communication device on a receiv-
ing side, the wireless communication device on the transmit-
ting side being capable of transmitting a multicast frame to
the wireless communication devices on the receiving side,
wherein each of the wireless communication devices includes
a unit that transmits a beacon frame and a unit that acquires
information indicative of an order in which the beacon frames
are transmitted, the wireless communication device on the
transmitting side includes a unit that transmits the multicast
frame, the wireless communication devices on the receiving
side each include a unit that transmits an acknowledgment
frame when the multicast frame is received in the order in
which the beacon frames are transmitted, and the wireless
communication device on the transmitting side uses the bea-
con frame to request the wireless communication devices on
the receiving side to transmit the acknowledgment frame.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
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tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is adiagram illustrating a configuration of a wireless
communication system according to a first embodiment of the
present invention;

FIG. 2 is a block diagram illustrating a wireless commu-
nication device illustrated in FIG. 1;

FIG. 3 is a diagram illustrating an exemplary format of a
unique IE set in a beacon frame by the wireless communica-
tion device illustrated in FIG. 1;

FIG. 4 is a timing chart illustrating an exemplary multicast
transfer that uses an ACK frame for frame reception acknowl-
edgement in the wireless communication system according to
the first embodiment of the present invention;

FIG. 5 is a timing chart illustrating an exemplary method
for retransmitting a multicast frame in the wireless commu-
nication system according to the first embodiment of the
present invention;

FIG. 6 is a timing chart illustrating an exemplary multicast
transfer in which a wireless communication device in a mul-
ticast group enters a sleep state before the start of the multi-
cast transfer in the wireless communication system according
to the first embodiment of the present invention;

FIG. 7 is a diagram illustrating an exemplary format of a
unique IE set in a beacon frame by a wireless communication
device in a wireless communication system according to a
second embodiment of the present invention;

FIG. 8 is a timing chart illustrating an exemplary multicast
transfer that uses an ACK frame for frame reception acknowl-
edgement in the wireless communication system according to
the second embodiment of the present invention; and

FIG. 9 is a timing chart illustrating an exemplary relation-
ship between a multicast frame and an ACK frame in the
wireless communication system according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

First Embodiment

Configuration of Wireless Communication System

FIG. 1 illustrates a configuration of a wireless communi-
cation system according to a first embodiment of the present
invention.

The wireless communication system includes one wireless
communication device 1 that serves as a transmitting station
(transmitting side) and three wireless communication devices
2, 3, 4 that serve as receiving stations (receiving side). FIG. 1
further illustrates that the wireless communication device 1
transfers multicast frames to the wireless communication
devices 2, 3, 4 through multicast transfer.

Configuration of Wireless Communication Device

FIG. 2 is a block diagram illustrating the wireless commu-
nication device illustrated in FIG. 1. The wireless communi-
cationdevices in FIG. 1 are structured similarly to each other,
each being capable of serving as a transmitting station or a
receiving station. The wireless communication device illus-
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4

trated in FIG. 2 is exemplary and may be configured differ-
ently as long as functions of the present invention can be
achieved.

Asillustrated in FIG. 2, the wireless communication device
includes a central processing unit (CPU) 11, a direct memory
access controller ora DMA controller (DMAC) 12, a random
access memory (RAM) 13, and a wireless communication
processing unit 14, all being connected to each other via a data
transfer bus 10.

The wireless communication processing unit 14 includes a
media access control (MAC) section 144, a signal processing
section 145 connected to the MAC section 144, a radio fre-
quency (RF) section 14¢ connected to the signal processing
section 145, an antenna 14d connected to the RF section 14c¢,
and a timer 14e connected to the MAC section 14a.

The RAM 13 stores therein a computer program to be
executed by the CPU 11 or DMA transfer data to be trans-
ferred by the DMAC 12. The DMAC 12 performs DMA
transfer between the RAM 13 and the MAC section 14a ofthe
wireless communication processing unit 14. The MAC sec-
tion 14a performs wireless communication protocol control.
The signal processing section 145 modulates and demodu-
lates a transmitting/receiving frame. The RF section 14¢ con-
verts a transmitting frame to a radio wave and transmits the
radio wave from the antenna 144. The RF section 14¢ further
derives a receiving frame from a radio wave received by the
antenna 144d. The timer 14e sets timing to transmit or receive
a frame and generates information indicative of a time at
which an ACK frame is to be transmitted for a multicast
frame.

Beacon Frame Format

FIG. 3 illustrates an exemplary format of a unique IE set in
a beacon frame by the wireless communication device 1
illustrated in FIG. 1. The beacon frame is to be transmitted
before the multicast frame is transmitted. It is noted that this
format is only exemplary and any format will do as long as
such a format achieves the similar function.

This format is a vendor specific IE for use in communica-
tions performed by a wireless LAN established by the
IEEER02.11 Standard. As illustrated in FIG. 3, the format
includes an element ID field, a length field, an organization
unique identifier (OUI) field, and a vendor specific content
field. A multicast address, and a start time and an end time of
amulticast transfer are setin the vendor specific content field.
The format indicates that the multicast transfer using the
multicast address set therein is to be performed for a period of
time between the start time and the end time.

Multicast Transfer

FIG. 4 is a timing chart illustrating an exemplary multicast
transfer that uses an ACK frame for frame reception acknowl-
edgement in the wireless communication system according to
the first embodiment.

The wireless communication device 1 as a transmitting
station of a multicast frame transmits a beacon frame 101
including the IE illustrated in FIG. 3 before transmitting the
multicast frame, thereby notifying the wireless communica-
tion devices 2, 3, 4 as receiving stations that constitute a
multicast group to transmit an ACK frame when the multicast
frame is received.

In the wireless communication system according to the
first embodiment, the wireless communicationdevices 1, 2, 3,
4 operate in ad-hoc mode of the wireless LAN, performing
communication using a carrier sense multiple access with
collision avoidance (CSMA/CA) protocol.

Inthe CSMA/CA protocol, when a packet to be transmitted
occurs, the wireless communication device checks the status
of a wireless channel through carrier sense. If the wireless
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channel is busy as found through the carrier sense, the wire-
less communication device waits until the wireless channel is
idle. When the wireless channel thereafter remains idle for a
period of a distributed inter frame space (DIFS), the wireless
communication device starts counting down a backoff time
TB. After the lapse of the backoft time TB, the wireless
communication device transmits the packet. If the wireless
channel becomes busy during the backoff time TB, the count-
ing of the backoff time TB is temporarily halted. The wireless
channel is then checked for idle state again and, after the idle
state continues for the DIFS period, the counting of the back-
off time TB is restarted. Any value is set for the backoff time
TB.

When target beacon transmission time (TBTT) starts, each
of the wireless communication devices 1, 2, 3, 4 illustrated in
FIG. 1 performs the carrier sense through the above-de-
scribed procedure and transmits a beacon frame when the
carrier is not sensed. In FIG. 4, the wireless communication
devices 1, 2, 3, 4 transmit the beacon frames 101, 102, 103,
104, respectively, in this order.

When the transmission of the beacon frames 102,103, 104
from other wireless communication devices 2, 3, 4 is com-
pleted, the wireless communication device 1 as the transmit-
ting station transmits a multicast frame 111 at predetermined
timing. A value of duration of a MAC header in the multicast
frame 111 is a period of time during which all of the wireless
communication devices 2, 3, 4 complete transmitting the
ACK frames.

When receiving the multicast frame 111, the wireless com-
munication devices 2, 3, 4 as the receiving stations transmit
ACK frames 121,122,123, respectively, at intervals of a short
inter frame space (SIFS). The ACK frames are transmitted in
the order in which the beacon frames are transmitted, specifi-
cally, in the order of the wireless communication devices 2, 3,
4. It is to be noted that each of the wireless communication
devices retains in the RAM 13 information that indicates a
first specific time of day at which a local device transmits the
beacon frame after the start of TBTT and information that
indicates a second specific time of day at which a beacon
frame is received from another wireless communication
device before and after the first specific time of day, so that the
CPU 11 can acquire information that indicates the order in
which the local device transmits the beacon frame based on
the information on the specific times of day.

Frame Retransmission

A method for retransmitting the multicast frame will be
described below. FIG. 5 is a timing chart illustrating an exem-
plary method for retransmitting the multicast frame in the
wireless communication system according to the first
embodiment of the present invention. In FIG. 5, like or cor-
responding elements are identified by the same reference
numerals as those used in FIG. 4.

During the first multicast transfer, the wireless communi-
cation device 1 receives the ACK frame 121 only from the
wireless communication device 2 out of the wireless commu-
nication devices 2, 3, 4 and thus determines that the transmis-
sion to the wireless communication devices 3, 4 has failed.

Retransmission to the plurality of wireless communication
devices 3, 4 is necessary and the multicast frame 111 is
retransmitted with a retry bit of the MAC header set to “1”.
During the second multicast transfer, the wireless communi-
cation device 1 has received the ACK frames 121, 123 from
the wireless communication devices 2, 4; however, the wire-
less communication device 1 this time ignores the ACK frame
121 from the wireless communication device 2 because the
ACK frame 121 has already been received during the first
multicast transfer.
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Because the wireless communication device 1 has received
no ACK frame 122 from the wireless communication device
3 again this time, the wireless communication device 1 deter-
mines that retransmission to the wireless communication
device 3 is necessary. Because the next retransmission is
necessary only to the wireless communication device 3, the
wireless communication device 1 transmits a unicast frame
112 to the wireless communication device 3.

In the third transfer, because the wireless communication
device 1 has received the ACK frame 122 from the wireless
communication device 3, the wireless communication device
1 terminates the series of multicast transfer. The number of
retransmissions may be set variously, such as one until a
lifetime period of a transmitting frame expires and until a
prescribed number of times is reached.

Multicast Transfer Involving a Wireless Communication
Device in Sleep State

FIG. 6 is a timing chart illustrating an exemplary multicast
transfer in which a wireless communication device in a mul-
ticast group enters the sleep state before the start of the mul-
ticast transfer in the wireless communication system accord-
ing to the first embodiment. In FIG. 6, like or corresponding
elements are identified by the same reference numerals as
those used in FIG. 4.

As illustrated in FIG. 6, the wireless communication
devices 1, 2, 3, 4 transmit the beacon frames 101, 102, 103,
104, respectively, in this order. As described earlier with
reference to FIG. 4, the wireless communication device 1
transmits the beacon frame 101 to notify the wireless com-
munication devices 2, 3, 4 to transmit an ACK frame when the
multicast frame is received. In addition, because the wireless
communication device 3 enters the sleep state before the
wireless communication device 1 transmits the multicast
frame 111, the wireless communication device 3 notifies the
wireless communication devices 1, 2, 4 of this fact using the
beacon frame 103.

The wireless communication devices 2, 4, having received
the multicast frame 111, transmit the ACK frames 121, 123,
respectively, at the SIFS intervals. At this time, the original
order in which the wireless communication device 4 transmits
the ACK frame 123 is the same as the order in which the
beacon frame is transmitted, specifically, next to the wireless
communication device 3. The wireless communication
device 3 is, however, in the sleep state before the wireless
communication device 1 transmits the multicast frame 111
and accordingly does not transmit the ACK frame. The wire-
less communication device 4 therefore transmits the ACK
frame 123 before the wireless communication device 3.

As described heretofore, in the wireless communication
system according to the first embodiment of the present
invention, immediately following the receipt of the multicast
frame, the wireless communication devices on the receiving
side transmit the ACK frames at the SIFS intervals in the order
of transmitting the beacon frames. As compared with the
conventional method in which, for example, timing to trans-
mit the ACK frame for the multicast frame is determined in
advance, the wireless communication device on the transmit-
ting side can promptly determine whether the transmission of
the multicast frame has been successful and terminate the
multicast transmission.

In addition, the wireless communication system according
to the first embodiment uses the beacon frame to request the
wireless communication device that has received the multi-
cast frame to transmit the ACK frame. This enables the wire-
less communication device on the transmitting side to request
the wireless communication device on the receiving side to
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transmit the ACK frame without allowing throughput of the
wireless communication system to be reduced.

Second Embodiment

The following describes a wireless communication system
according to a second embodiment of the present invention. A
configuration of the wireless communication system accord-
ing to the second embodiment and a block configuration of a
wireless communication device are the same as those in the
first embodiment (FIGS. 1 and 2). The wireless communica-
tion system according to the second embodiment differs from
the wireless communication system according to the first
embodiment mainly in that ultra wide band communication is
used instead of the wireless LAN. The second embodiment
will therefore be described with particular emphasis on this
difference.

Beacon Frame Format

FIG. 7 illustrates an exemplary format of a unique IE set in
a beacon frame by a wireless communication device 1 in the
second embodiment. The beacon frame is to be transmitted
before the multicast frame is transmitted. It is noted that this
format is only exemplary and any format will do as long as
such a format achieves the similar function.

This format is an application specific information element
(ASIE) for use in performing wireless communications in
compliance with WiMedia-MAC or the European Computer
Manufacturers Association (ECMA) standard. Here, WiMe-
dia-MAC is a MAC protocol standardized by the WiMedia
Alliance and the ECMA standard is a MAC protocol with
enhanced functions based on WiMedia-MAC and standard-
ized by the ECMA International jointly with the WiMedia
Alliance.

This format includes an element ID field, a length field, a
specifier 1D field, and an application specific data field. A
plurality of combinations can be set in the application specific
data field, each combination including a multicast address, a
zone bitmap value, and a media access slot (MAS) bitmap
value. The format indicates that the multicast transfer using
the multicast address set therein is to be performed in a time
slot specified by the zone bitmap value and the MAS bitmap
value.

Multicast Transfer

FIG. 8 is a timing chart illustrating an exemplary multicast
transfer that uses an ACK frame for frame reception acknowl-
edgement in the wireless communication system according to
the second embodiment of the present invention.

In WiMedia-MAC, a predetermined period is defined as
one superframe period that includes a beacon period and a
data transfer period following the beacon period. A time slot
is allocated to the beacon period and the data transfer period
for use by each of the wireless communication devices that
participate in a wireless communication network, so that a
beacon frame and a data frame can be transmitted. The time
slot is allocated by, for example, the wireless communication
device that first participates in the wireless communication
network. In the second embodiment, the wireless communi-
cation device 1 that assumes the transmitting station is to
allocate the time slot.

In the second embodiment, the wireless communication
device 1 as the transmitting station of a multicast frame trans-
mits a beacon frame including the IE illustrated in FIG. 7
before transmitting the multicast frame, thereby notifying
wireless communication devices 2, 3, 4 as receiving stations
that constitute a multicast group to transmit an ACK frame
when the multicast frame is received.
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As illustrated in FIG. 8, when a beacon period start time
(BPST) that indicates the start of a superframe arrives, the
wireless communication devices 1, 2, 3, 4 transmit beacon
frames using beacon slots #1, #2, #3, #4, respectively, and the
wireless communication device 1 transmits the multicast
frame during a time slot period (multicast frame transfer
reserved period) specified with the beacon frame.

FIG. 9 is a timing chart illustrating an exemplary relation-
ship between the multicast frame and the ACK frame. As
illustrated in FIG. 9, the wireless communication device 1
transmits a multicast frame 211. On receipt of the multicast
frame 211, the wireless communication devices 2, 3, 4 trans-
mit ACK frames 221, 222, 223, respectively, in ascending
order of the beacon slot numbers, specifically, in the order of
the wireless communication devices 2, 4, 3 at SIFS intervals.

As described heretofore, in the wireless communication
system according to the second embodiment of the present
invention, as in the wireless communication system accord-
ing to the first embodiment, immediately following the
receipt of the multicast frame, the wireless communication
devices on the receiving side transmit the ACK frames at the
SIFS intervals in the order of transmitting the beacon frames.
As compared with the conventional method in which, for
example, timing to transmit the ACK frame for the multicast
frame is determined in advance, the wireless communication
device on the transmitting side can promptly determine
whether the transmission of the multicast frame has been
successful and terminate the multicast transmission.

In addition, the wireless communication system according
to the second embodiment uses the beacon frame to request
the wireless communication device that has received the mul-
ticast frame to transmit the ACK frame. This enables the
wireless communication device on the transmitting side to
request the wireless communication device on the receiving
side to transmit the ACK frame without allowing throughput
of the wireless communication system to be reduced.

It should be noted that the first embodiment has been
described for the wireless communication system that per-
forms communication using the wireless LAN that complies
with the IEEE802.11 standard, while the second embodiment
has been described for the wireless communication system
that performs communication through WiMedia-MAC. The
present invention may nonetheless be applicable to a wireless
communication system that is compatible with both standards
and is operable through manual or automatic switching ther-
ebetween.

The present invention can enhance reliability in multicast
transfer in a wireless communication network that includes a
plurality of wireless communication devices without reduc-
ing throughput.

The present invention can be implemented in any conve-
nient form, for example using dedicated hardware, or a mix-
ture of dedicated hardware and software. The present inven-
tion may be implemented as computer software implemented
by one or more network processing apparatus. The network
can comprise any conventional terrestrial or wireless commu-
nications network, such as the Internet. The processing appa-
ratus can compromise any suitably programmed apparatuses
such as a general purpose computer, personal digital assistant,
mobile telephone (such as a WAP or 3G-compliant phone)
and so on. Since the present invention can be implemented as
software, each and every aspect of the present invention thus
encompasses computer software implemental on a program-
mable device. The computer software can be provided to the
programmable device using any storage medium for storing
processor readable code such as a floppy disk, hard disk, CD
ROM, magnetic tape device or solid state memory device.
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The hardware platform includes any desired kind of hard-
ware resources including, for example, a central processing
unit (CPU), arandom access memory (RAM), and a hard disk
drive (HDD). The CPU may be implemented by any desired
kind of any desired number of processor. The RAM may be
implemented by any desired kind of volatile or non-volatile
memory. The HDD may be implemented by any desired kind
of' non-volatile memory capable of storing a large amount of
data. The hardware resources may additionally include an
input device, an output device, or a network device, depend-
ing on the type of the apparatus. Alternatively, the HDD may
be provided outside of the apparatus as long as the HDD is
accessible. In this example, the CPU, such as a cache memory
of'the CPU, and the RAM may function as a physical memory
or a primary memory of the apparatus, while the HDD may
function as a secondary memory of the apparatus.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A wireless communication method with which a wire-
less communication device on a transmitting side transmits a
multicast frame to a plurality of wireless communication
devices on a receiving side in a wireless communication
network including a plurality of wireless communication
devices, the wireless communication method comprising:

(a) transmitting a beacon frame by the wireless communi-
cation device on the transmitting side, wherein the wire-
less communication device on the transmitting side
requests, using the beacon frame, the wireless commu-
nication devices on the receiving side to transmit an
acknowledgment frame;

(b) receiving, from each receiving side device amongst the
plurality of wireless communication devices in
sequence, a beacon frame transmitted by the receiving
side device;

(c) transmitting the multicast frame by the wireless com-
munication device on the transmitting side; and

(d) receiving by the wireless communication device on the
transmitting side acknowledgment frames transmitted
by respective receiving-side devices, amongst the wire-
less communication devices on the receiving side, that
receive the multicast frame, in an order that the beacon
frame was received by the receiving side devices, the
acknowledgement frames having been transmitted from
the receiving-side devices a predetermined interval after
an end of the multicast frame and with the predeter-
mined interval between adjacent acknowledgement
frames.

2. The wireless communication method according to claim

1, wherein each of the wireless communication devices trans-
mits the beacon frame at random timing.

3. The wireless communication method according to claim
1, further comprising:

a step of determining the order in which the beacon frame

is transmitted by one of the wireless communication
devices.
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4. The wireless communication method according to claim
1, further comprising:

a frame retransmitting step of retransmitting the multicast
frame by the wireless communication device on the
transmitting side to each of the wireless communication
devices on the receiving side when the wireless commu-
nication device on the transmitting side fails to receive
the acknowledgment frames from the wireless commu-
nication devices on the receiving side.

5. The wireless communication method according to claim

1, further comprising:

a frame retransmitting step of retransmitting a unicast
frame by the wireless communication device on the
transmitting side to a single specific wireless communi-
cation device on the receiving side when the wireless
communication device on the transmitting side fails to
receive the acknowledgment frame from the specific
wireless communication device on the receiving side.

6. The wireless communication method according to claim

1, wherein a specific wireless communication device in a
sleep state on the receiving side uses the beacon frame to
notify other wireless communication devices that the specific
wireless communication device is in the sleep state and the
wireless communication devices on the receiving side that are
notified that the specific wireless communication device is in
the sleep state skip the specific wireless communication
device in the sleep state when transmitting the acknowledg-
ment frames.

7. A wireless communication system comprising:

plural wireless communication devices, the wireless com-
munication devices including a wireless communication
device on a transmitting side and a plurality of wireless
communication devices on a receiving side, the wireless
communication device on the transmitting side being
capable of transmitting a multicast frame to the plurality
of wireless communication devices on the receiving
side, wherein

each receiving side device amongst the plurality of wire-
less communication devices transmits a beacon frame
and acquires information indicative of an order in which
the beacon frames are transmitted,

the wireless communication device on the transmitting
side transmits the multicast frame, receiving side
devices, amongst the plurality of wireless communica-
tion devices on the receiving side and when the multicast
frame is received, transmit respective acknowledgment
frames in the order in which the beacon frames are
transmitted, the acknowledgement frames having been
transmitted from the receiving-side devices a predeter-
mined interval after an end of the multicast frame and
with the predetermined interval between adjacent
acknowledgement frames, and

the wireless communication device on the transmitting
side uses the beacon frame to request the plurality of
wireless communication devices on the receiving side to
transmit the acknowledgment frame.

#* #* #* #* #*



